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ABSTRACT: 

PURPOSE: To detect a rotor position always accurately without being influenced by the variation 
of a rotation frequency and a load by a method wherein the rotor position is detected in 
accordance with line voltages between armature windings. 

CONSTITUTION: Line voltage generators 50a-50c generate line voltages between armature 
windings in accordance with terminal voltages Vu , Vv and Vw . The line voltages are amplified by 
amplifiers 80a-80c. A comparator 66a compares the output of the line voltage generator 50a with 
the output of the amplifier 80b. A comparator 66b compares the output of the line voltage 
generator 50b with the output of time amplifier 80c. A comparator 66c. compares the output of 
the line voltage generator 50c with the output of the amplifier 80a. The outputs of the respective 
comparators 66a-66c are used as rotor position detection outputs. With this constitution, the 
rotor position can be detected always accurately without being influenced by the variation of a 
rotation frequency and a load. 
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5f!lfflbfen-3'fiBttm#a4 4lCt)ViTfiiM-rS. 0 a> 
lUi. n-4'firfittffl^a;4 4©«iS«!l**-riiI»H 

[0 0 6 4] I^Et^fiilC. XT-:?4 1©§mtt 

^tHiStroifii^HMVo . Vv , Vw tt. -en-en, 

^ 1 ©HISSED fS^ii: 5 0 a , ^ 2 ©^ffl«EE^^ 

g: 5 0 b , ^3 mm&tmwL 5 o c fcx*sn, 

WmS-Vn-M . Vu-y , Vv-w ic^iftsns. 
[0 0 6 5] flJE^iSIMmEtt, iE-nm HI ©lis 

^ii;8 0a. m2©)i4i#gi:8 0b, ^zmm-m 

OclcA:^$n. Cin^iiii^SS 0 a. 8 0 b. 8 0 30 
c*»e®®^ (ta*) WiB^Pn1«E4fiJc^i;5 0 
a, 5 0b, SOcjJ^e.©!^ (m*) tt, Hl©Jt« 
^gCeea. B2©H:ei^S6 6b, I63©M:<S^36 
6clCA:^$n.5, H^IBltl^^ge 6 a, 6 6 b. 6 6 
cTtt. ^t\^^W&m.h't^\ itftOSceiS^J; 
0 fcmmft-C 3 Q&^XiMhjtiu-^ 4 2 ©€ffifiB& 

«tau ^<Du-9A2mmmznm^<sm m. 

ffiffifift^) Up, Vp , Wp &4l«t-5. 

[0 0 6 6] J:©n-^'4 2©ffi®&em^Up . Vp 
, Wp tt. D-^fi:fi«^ai^a4 4;5^eiKi)$5ffll^l!i: 40 
4 5CA:^$n. Ii»i^«)#a4 5{±. -eroaffifiliM 

^ics^iT, >A-^' 4 3 ©Kiftsiisnrrs. 

[0 0 6 7] ^IC. ^i^^€J££j£#S©«l<£«J:C;il 

[0 0 6 8] fi^xomsm&tm-m o a», s^s 

1. 52. 53. 5 4d:. ii1iig5 5tT«/!g*nTH 

[0 0 6 9] -eUT. Uffl©^T«£EVu tWffl©^^ 
Vff tt, C©m 1 ©«W«E±J«#g: 5 0a {CA* 

(EPfti) ans. fl» 



* [0 0 6 2] C:©Mttffi«^«ffiVw ©jSejg«* 
ec *»0Vta*P^$ttffi-r5:3&lfelCtJHTjS'<S. 
e:©«si©«^. wffioBStt»!ia*, <l!i©u, vfi©9^3 



... (1 1) 

... (12) 

^-5vffl©«^«mtt, 

. (13) 
... (14) 

[0 0 7 0] tis.t>*>. ^i^mjivw tt, fiji5 1 $:f^ 
i/Tiiigsgs 5©+AAss^cA*an, jstwevu 

tt, fiHtS 2 S^UT«fi«5 5©-A*«^^KAAS 

n, u«tc»r5wffl©jSfSEE*<w*sn5. 

[0 0 7 1] ;:©Sl®JI5g«ffift^¥g5 0 att. s 
ifl5 3*^Jii|igg5 5©Ul*iSiPt-A*Sg?t©mtcS 
i^sn. ffiS5 4;0i«4@S5 5©+A;^3ig^!6^6iIiiim 

«i*iSST$.5. ;:;:t. fiSis i=ffi$i5 2=r i. 

fifit5 3=Sei5 4 = R2t1-Si:. l|l©«IM«ffi4 
iS^as 0 a©til* («E) Vw-u tt, 
Vf-n =R2/R1 • (Vw -Vu ) . . . (15 a) 
tlS.^. ilgStUT, R2/Rl©ifcTStSiifi*T 
liS$nfeWffl-UfflW©|IW«EES#TVi5, 

[0 0 7 2] mmz. m 2 ©jumiffi^^^a 5 0 b 

». Slfi5 6. 5 7. 5 8, 5 9 2:, lii|i3g6 0^Tll 
J«3nTV»5. 
(0 0 7 3] iE-UT, VlB©«T«ffiVv i:Uffl©fi8? 

«£Evu tt. z.(D%2mm&SL^^m^Q\>\zxii 
$ns. 

(0 0 7 41 t;a:t>-6, J8F«EVu tt, fitt5 6*:fr 

LTliii8g6 0©+A*^i^tA:^7Sn, ^^«EVv 
tt, figi5 7^:fM,TliliS6 0©-A*^T{CAAS 

n. v>iit^^-rsuffi©^«jEE*jffl*sn5. 

[0 0 7 5] ;:©||2©i»|iq«E£lil(^il!5 0b», & 
S5 8«tia4iSg6 0OfflAia^-i:-A*ia^t©fflCft 

l^^n, fifit5 9;5tii(i886 0©+A:^JS^*^eate« 
jSEdwtffi^lciSSfifSA^tJSi^sn^, Vit>i})Sg 
ilJi«S§Ta&*. JIZIT, fifii5 6=fiJit5 7 = Rl. 
fita5 8=JSSi5 9 = R2i:-r5t. ^2©«IW«Et 

ja^a5 0b©ai*VD-v 

Vu-v =R2/R1 • (Vu -Vv ) . . . (15b) 
tU^. ifSmtUT, R2/Rl©ttT;£*5iiS$T 
iiii3nfcUffi-VffiM©«m*E4#TViS. 
[0 0 7 6] l63©S[m«£E£lS^gi!5 0 c 

a. fistei. 6 2. 6 3, 6 4t, wm^st-cm 
(Sanxvis. 

[0 0 7 7] -^-UT, wffiosmijEvw tv«©a?^ 



(8) 
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14 



[0 0 7 8] tftt>-^. «?«IEVv li. 
». fila6 2$:ft-l/TJig|g6 5®-A*^TtA*$ 

[0 0 7 9] ;i(i!>^3a)|ir^tt££l$^|^5 0c», & 
3;i«lt«i8l6 5cDai:fj®i^i-A*«^i:«)mi:SI 
ii$n, fitt6 4*?li(iSg6 50+A*«?A^^a[«fm 

JIC:-?, fiji6 l=ffi|Fi6 2=Rl. 
fiin[6 3=JSfii6 4 = R2t-r5t. ^SWUBflWE* 
«#S5 0c©ffi*Vv-w tt, 
Vv-»=R2/Rl' (Vv-Vw)... (15 c) 

««tLT. R2/RlCDW:T?l*«li6*T* 
Vw-u(gain) = (1+R4/R3) 
tn.^om^thT\ (1+R4/R3) ©ltT^*S 

jiii^-^jiitisn, vif-u <vw-u(gain) tis.i>msm, 

[0 0 8 2] PI«i(CLT, m2<Ditl|ig«JE£|^^i!;5 0 20 

b®ta:f3Vu-v Il2®lii|i^g8 OblCA^'jSn 
5. m2©iiffi^i}:8 0ba. fiSi8 4. 8 5 t. 

a§8 6iT:ifi£$nTU5. tut>%. m2om>^m 

Vu-vfeain) = (1+R4/R3) 
tft*. iB*tl/T, (1+R4/R3) ©ifcTSt* 

jfifg^Ttnisn, vu-v <VD-v(gaiD) tn^mm, 
[0 0 8 3] ii«tuT. %z<Dmm&^m®.^Q 

c©W*Vv-w tt, IB3 0i|i|B^a8 0clCA*$n 

5. m3©Ji«i?ii:8 0ctt, fitt8 7. 8 8t, iiil ^ 
S8 9tT«lS3nTV»-2>. -r^ifc^. ^3(Dii(@^g:* 

Vv-w(gain) = (1+R4/R3) 
t1li>> mSktLX, (1+R4/R3) ®ik-C3£*5 
im$T?ii®$n. Vy-f <Vv-w(gain) t&SlSMm 

[0 0 8 4] j*cc, ^\tm®.mmz-o\.^xmmm. 

[0 0 8 5] mirotttSi^ae 6 aUtt, S20iii|i* 
a 8 0 b Vu-v(gain) 1 (DU^n&tm-fk 
5 0 a<Dffl:^Vw-o t^Sjtt^Stl, Vu-v(gain) ^V»- 4» 
u Ol^tLowftJEE (n-l/'<JKOS)E) *tffl^j$n, 
Vu-v(gain) <Vf-o <m\ZYi i ghfBE <J\-(V^)]/ 

m) Up *i^^$n-5. 

[0 0 8 6] |^«»CbT. ^20JttS[¥S6 6bm 
S3Oliii^i!!8 0c©ffi*Vv-w(gaiii) t»2©ilim 
mm4/«^i!5 0bOffl:ftVu-v t*ttt;|!l!Sn, Vv-W 
(gain) ^Vu-v m\Zh ovm&i)miJ^t\. Vv-w(g 

ain) <va-v oi^tcH 1 g h@E*^ai:^$n. ;:n{c 
iO/'^j>;^m (Kffi&sm^) Vp ifitmm. 50 



[0 0 8 01 Jfct. &iiB*g:®«ja*J:t«llffCOH 
[0 0 8 1] ^ia)«im«E4fiic#a5Oa0ai*Vw- 

0 tt. m 1 ©iiiii^as 0 a cA:^j$n«. m i oJin 

#il!8 0a», &Si8 1. 8 2^, i§<li8g8 3j:-?«}^ 

^nT^>5. T«:t>-6, »ioiiiB?a8 0att, airiB 

^ 1 CD«im«ff 4^#gi; 5 0a oai* 8 3 ® 

+A*ffi?{rSiBg5n, fi$i8 immus zo-xii 
e.itsgsis E d (Dm\z^m^i.^ titigs 
n, fiias 2*tjiii8§8 zmiim-t-xiimtdi 

ggl8 1=R3, 80x8 2=R4fr5t, Sll©iS® 
^a8 0a©til:<jVw-u(gain) tt, 

Vw-u ... (1 6 a) 

S$ 8 0 b a. MtSm 2 ©i^Pfl«EE^I^K^g 5 0b ©ffl:fjfi3 
*tJgi|iSg 8 6 © + A*®?lr«»S n. fiSt 8 4 dtJifi 

g8 %<D-x-)3mi)^^um:mA<Dm\zW)&t^ 

A:'j«^t©Mfc«iK$tifc. 
•5. fifii84 = R3, mi%^ = RAtr^ 
t. m2®lHi^il;8 0b©ffi*Vu-v(gain) tt, 
Vu-v ... (16 b) 

★ 8 0 c e. mfS 3 ©«IW«EE^»!£* g 5 0 c (Dium 

ifimm 9(D+xijmzmm-^n, &m 7m^i^ 
see <o-xt^Tip' e acMmiSE d ©ft«afc««!-r5 
j:5.ic«i!iisn, ms smms 9©ai*«^t- 

A*«^t©IBIC«i»3nfc. lit)«J)-5|SI«li«88-p* 
5. C:i:T, gSi87 = R3. ffifiiS 8 = R4i:-r5 
t. ^3©iii|g^iS8 0c©{ll:^jVv-w(gain) tt. 
Vv-w ... (16 c) 

[0 0 8 7] I^SIICUT. Sg3©Jt«?g!6 6 cTtt. 
^l©iif@?i!;8 0a©ffl*Vw-u(gain) i:^3©Sm 
«]E4^#S5 0c©ta*Vv-w t*ttt:l4$n, V?-u 
(gain) ^Vv-w ®^CLow«ffi)Jtta:^$n, V»-u(g 

ain) <vv-f ®«ficHi gh«jE«»ta**n. 

[0 0 8 8] &it«l[^S6 6a> 6 6b, 6 6c 
JR) . 

[0 0 8 9] E12tt. ^l©itl!i!^g:6 6atrJ:f). 
m 1 ®i®raiff4«*i: 5 0a ®ffl:^j Vw-u t. ( 1 + 
R4/R3) ®ii'l@$Tiiiig3nfc«2®Ji<@^a8 0 
b®fflAVD-v(gain) t4H:tS!U&t#©n-^'fiBtt 
ia®«itil^'f 5 ^i^^S-rHTfcS. 
[0 0 9 0] Wim\Z^ti:^iZ, ^H*»5;SJ*T©»! 
(S»ft6 0S) *^M»«iiaiT&-5. Vu-v(gain) tfi 



(9) 

15 

i^H:&(^mndtt^t. Vw-u i:Vu-v(gain) t<D 
[009 1] 

8= (A/ (1+A) ) • 60. . . (17) 

(i 7) S'i'OAtt. liig^sst. ±IB (i 
7) iC*»6JHi¥A{c<kt)TJtft«*^ft€sn5::tA» 
fij5, WA«, A=i©«^. 1^0=3 oar-etttas 

n«, A = 2i:fn«. 1^0 = 4 0Sti40> 
[0 0 9 2] l^ftTJtfte 

i3o^sk±.mtsj:o\zm^n<omtb<, 4o« 

at? J; 3 Ciett-50A»3 e Jeff S UVi. 

[0 0 9 3] u-ifmm<ommm^o\zm^ 

[0 0 9 4] E 1 3 tt, Bl 1 1 tr^-riHl2SBt:fclt5# 

H134'» Vw-u(gaiii) , Vu-v(gain) , Vv-w(gain) 
a. -E-nm iii|ii^AS«j4ffifiLit«^&^tTV> 

[0 0 9 5] PIBIfc*tJ:5fC. D-^'ttfittffl?il!4 
4(CctO, l^ie*»30 g£^±jity J: 5 {cKSSf nfc« 
ffi&Hff^up , vp , wp *t4^$ns, 

[0 0 9 6] c:i:-e#^nfcmii23 o«£^±a^■c^i•& 
«^up , Vp , Wp s^qiictT, ^-iKom^z^ 

[0 0 9 7] i'7hO;Stj£tLTtt, IfJcSiESni*. 

[0 0 9 81 ->7hfin. Eieao^^. t-^'m 

EI 5 ©M^SS^JEtSct 5 Ct-^SSSIlCjfctfSS-a-T 
t). *%W(r*(t5D-^'fig«iffi#a4 4Sfflli53: 

[0 0 9 9] (mmm 2 ) 6(Tfc*f8M©^JSW 2lZ':> 
[0 10 0] 01 4tt, ^m<D:f7'yU7.DC^~^ 

mwim9(Da-ifmmmm(ommoi.mu so 
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[0 10 1] I^HtCa^-rj:3t. zna-mmtH^ 
©^ 1 ©Hildas 0 a, ^2©ii<i?t8 0b, ^3 

©lee* a 8 0 c ic, ^n-en. ® 1 ©y-r >m 0 #>l 

¥S!9 0a. m2©y-<>«D#A#il!9 0b, IB30 
y-f >«JD#A¥il!9 0 c £««t&t)©T?»4. ZLtl 

<b^-i>mm^^W[9o&. 90b. 90ctt, -^-n 
nmrnmsL 1 0 1 otaijL 1 jcis^ijt, Bff«©^''f 

[0 10 2] ^-^J'BlJnmjEE&WS'ItSEPJinttEE 

wj^gi 0 i<DWimz-D\,^xmm\zm^h. 015 

[0 10 3] *-3'©fflin«El4, PWM^ayAMffll 

ICiO. h7>i^7^'©?'3'y:/:t>. ^ay-f^yo) 
-X Jt Bl^T -5 t IC J; o nx 5 © 

[0 10 4] HI StC^Tcfc^t. Zftil^3g4IiIIS2 0 
4A»^B, ?^3-ytr>iyMiga©Hm 

U«!i;4ifflA$nTl'i5. -etT. efM©^^-?^^^:^ 
ft^ttSfi'&mEV 0 ;i©Hft«[5S4EIIS2 0 4© 

liJ*«h)6«it^§g2 0 SiZXt^n. KJtll5lg2 0 5ICJ: 

wsffi'^mEv 0 t^m^tmm 0 4©ffl:'jt 

*tlt«3n. 0rS©X3L-xwM:fcM*£;l--5«Jg«*tUl 

[0 10 5] isijswm ma©Ta-Twifcsftis 

tsfi^mffvott, itm2 0 8iz^xt-^n^o -e 

UT, JttSES2 0 8lriD, •?-©}i'^«ffiV 0 <!:, 
-1'>«0#x.^a9 0a. 9 0b. 9 0c©«0§X^' 

-f 5 >if^wiMt^mf^W£y 1 t*«it«sn, h i g 
[0 1 0 6] ;&:i5. mm(OT=L--T^it'S:mt^m 

[0 10 7] ik\z, sy^>«o#A*a©«**j;t; 
[0 10 8] Hi4ic*rj:5fc, mi<oY^>mm 

A#i;9 0 att. fiS9 1 tT^ni^X'T^/^^g 2*tit 

Ia9 3tT:J-DifX'f y9^9 4*^it?lllC«ilSSn, «3 
(Oy^>mm^^@t9 0 cK, SR9 5t7:)-aifx 
-f 9 6 *tit^KffiiKSnfc>b©T«5. ::©«^. 
7:^^ifX'f y?9 2. 94, 9 6a. *-^'HlJD«E 

s'MS'j-r^EpjrasEiMsij^ai 0 i©ai*®^L iic<fc 



(10) 
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17 



18 



9 5mm, mmti>. 

[0109] 7tUifX^*;^92, 94, 9 6 tbX 

[0 110] 7*h€;^;^-fry?», LED2 0 6OJt 
•P€aW('*6ii::^ nfcMO S F ET 2 0 7 ^jlftX'f 

iiggL ED 2 0 2 ^ h u :U-e^?>rztb. ^)sim.mm lo 

SI 0 l*T'f3>T«lSLfcl8^% D-^fiilttffl 
#84 4 t!ff>\if^>mfiir-^^)^-'y3 >\Z 

Vw-u(gain) = (1+Rz /R3) • V»-u 
Rz = (R4 • R5) / (R4 + R5) . . 



* CO 1 1 1] 01 4ic*tJ:5ic. mioini^aso 

att, fittSl. 8 2t, liii@iB8 3 t-C«J«SnTt» 

s, (om> mm 1 oillPfl«Jl*jS#il: 5 0 a offl 

8 3 O- A*«8i^*^eitaE«iSE d ©ftfllt^ai 

1 <»:7:^Dyx■^ »y5^9 2*t, 2 tmnzmm^ 
^mmmm^^tii,, figt8i=R 

3, S$i8 2=R4, fiSiS l=R5frSi:, Si® 
i|i4i#g|;8 0a©tU:^Vff-a(gaio) ». 



. (18a) 
(19) 



tUi. «S*i:UT. (1+Rz /R3) OltTigtS 

liilS^TJUiSn, V»-u <Vw-n(gaiD) tl^^iUPBlt 

^5/5^9 2{C<toTm #«aiC«D#ASi:ilC± 
oT (19) ii©^^ffitn[Rz (1+Ri a? 

/R3) ©itT)£*SJiiS$S:^AS^:i*t-et5. 

[0 112] mmzLx, m2<Dmm8 0h\i, & 
St 8 4, 8 5i, iiiis§8 etTii^snTi'iS. ;i© 

S^. MS® 2 0«ffl«JE4/«#a 5 0b ©ffl:fjfil*««?« 

Vu-v(gain) = (1+Rz /R3) 

tn.^, m^thX. (l+Rz /R3) ©H;T)£t5 
m^^mxi^mtl, Vu-v <Va-v(gain) t;fi5«M« 
fES^TViS. fi^oT, fila9 3 = R5«, 7:fOi^7L 

tjT (1 9) S;©^^SfiJiiRz S;pJ^$-a:. (1+Rz 3» 
/R3) ©ltT^S^liiti$£*;i^;it*tTtS. 
[0 113] l^^tUT. mSOiili^gBOctt, S 
tt8 7, 8 8t, li6«8 9fe«l/a5SnTVi5. H© 

fflss 3 omm^mwt 5 o c ©ffl*(w*^it* 

Vv-T(gaiii) = (1+Rz /R 3) 
tiftS. te*tUT, (1+Rz /R3) ®JtT;£*5 
j«B*T««$n, Vv-f <Vv-w(gain) tmm% 
E&»Tlr5a. #oT. fitt9 3 = R5S, 7±Utf7. 

-1'yf^9 4C<J;oTm #^ai3«jr)§A5;ii:(Ci 
oT (1 9) ^^©^lEregftRz SrPl^S-fr, (1+Rz 
/R3) OitTSiSJiiS$S^A-SJ:i*tTl?S, 

[0 114] SI. S2, f^io^^ymmfiif 

Vw-u(gaiii) = (1+R4/Rzl) 
Rzl= (R3 • R5) / (R3 + R5) 
t&S. ilgmtUT. (1+R4/RZ1) ©H:T?e*5 
iiii$77Ji4i$n, Vv-tt <Vw-a(gaiD) tU^tmn 
E*«|TV>5. SfoT. lS*i9 1 = R5*, 7±nff7. 

'r-;/5^9 2{cj:oTm *3satt«o#A5;:ttcj: 

oT (2 1) i5:0'&fKfiJiRzi;£Bl^$iJ, (1 +R4 



8 6 ©+ A*«?^C»lK$n, fiR 8 4 *tJi«{!l 8 

6©-A:^^^*»^it8iE€igEd©A«{rS^ffi!t5A5 
IrSi^Stl. }g^8 5*tii1i|§8 6©ai:^igii^<!:-A* 
Jg^t©Klrgtt3n, it^»«$n;5:fila9 3t7:J- 
D i^X-f 5/? 9 4 fitfi 8 5 tMMfcJiiBS 8 6 ©W 

i)mt-x-hmtm\zm.-^iMt, \<^m^n^ 

i^m^mmiXi>> fiJi84 = R3, fililS 

5 = R4, gJi9 3 = R5i:-r-5i:, S2©ii(i^g:8 
Ob©aj*Vu-v(gain) tt. 
Vu-v ... (1 8 b) 

★i|@S8 9©+A:']«^lrgl^3n. Sfi8 7A?JiiiS8 
9©-A*iS^d»eiIflS«igEd©ftfli!llcS6*-rSJ;5 

\zm^ n, liSi 8 8 mm a 9 mum-i^-x-^ 

«?t©WCS«3n, it?i|SSBi53ntfift9 5 
D i^X 5^ 9 6 8 8 tM^JIr iHiS 8 9 ©ffl 

*ffli^t-A*^<!:orp^(Cg^$n&. t.it)i05l^ffi 

^«mm^^ni>. z.z.x, fiji8 7=R3, gas 

8 = R4, fitt9 5 = R5tt5t, Sg3©iifi¥a8 

Oc©m*Vv-w(gain) tt, 
Vv-w. . . (18 c) 

9 0 a. 9 0 b. 9 0 c S. -etl^'tU S 1 . S 
2, S3©«4l^il!8 0a, 8 0b, 8 0c©ffi!%8 

1. 8 4, iiyzmmsLhxhmmz'iiiim^itfi^ 

) CO 1 1 5] ;i©«^, Sl©*i'IS#a8 0a©{ilAV 
w-u(gaiii) II, 



/Rzl) ©JtT^S51Hi*&IE^5J:i:*tTt4. 



V»-u ... (20) 
. . (2 1) 

CO 1 1 6] 01 7li, SS©^^^*^^!!©^*^^ 
SO-^'«ii©:/7->l/XDCt-^'*ffiViT, JIISK 
*f6?g©««Ty-< >«PlS!S-&fctt©t-4'»#tt 
©IEfl:Sai^l/fe<!:t©i^77Ta6-5. 
CO 1 1 7] |^0IC*T<fc^lI, «#ttS Itt, iiftO 
50 S2»1^20S&, S3»]iA30||$, S4 
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m^mst4: 4 offl* s •>7 M-4 d 1 1 j:^ T# 

[0 118] H^tts 1 a, D-^fi:g«^ai^g:4 4© 
ffl*^iill3 0Stl/. i/7hft*@JgT-3 0S#Jn 

-3'ftlii^m?a4 4©m**jt^3 0StU '>7h 

[0 119] ifc, HiitfetiTH, EPinmffiWJ^g io 
1 0 1 offl* L 1 imrm^'^. wms a t s 4 

[0 12 0] 01 7©iKI|*^^, llWilftOg®* 
:*:fil8 0 0 0 r pm;0>6it^4 OftTS 5 0 0 r pm^v 
1 1 5 0 0 r prnTy^UW*. Hl'irtUT 
tt. 7 8 0 0 r p mTJtK-r 5 1 , ilft 0 S©S* 
i'^Sl (0. 4N-m) tt^tmM'iOBi-V\t, ^tl 
(1. 9 8N-m) 0h)V^^nX\^^. 

[0 12 1] 018tt. 60 0 0 r pmTl^e^^S 

6 0 0 0 r pmTlftfl^SHLfcttO'f W't-^'a 

[0 12 2] HOS^, H18(f'OEltt, t-^'^lt 
1 N • mlf, E 2 H. t-^ft^^ 2 N • m 
T?> E 3 tt. hJVi^ 3 N • mT, -en-fn, 

a^l S 2 0 SA> 6 4 0 fcl«(Dt-:5'S!(J^.T7* 
5. 

[0 12 3] tfc, E119tf©Fltt. t-:5'tl^h;l' 

1 N • m-r, F 2 tt. ^-^'ftffi 2 N • mT, 
F 3 tt. ^-3'^^ hiVi' 3 N • mT. ^tl^tl, iift ^ 
* 2 0 SA» 6 4 0 KSTlg^ fcWfO-f >A'-3'^!l^"e* 
5. 

[0 12 4] ;in6©il$«*^6. iiftS2 0ltA»&4 0 

>n-^^mi. 0. 5 %eKteT-r5fc*«^^$-e 
10 12 5] sk±ifimi^^\z, mmuriim 

[0 12 6] ft*. *iijiwic*iriTtt, y-(>m» 

QiZ. FET^fflK -e^FET^fgilMJ^TSlfrS-a- 

Vw-u(gaiD) = ( 1 + Rz2/R 3 ) • \ 
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5. 

[0 12 7] tit. *-3'B]lin«JEf:±-pTy<>s«j 

[0128] (^JI«9J 3 ) £tTlC*^?l©^«»1 3 \ZO 

[0 12 9] 02 Ott. *SEMti3lt5 1 ffl5i>OJiffl^ 
g (^10ii<i?g;) 8Oa©ffi©«fie0!l**-riiIK0 
^C^, 12. m3OJie*g^80b, SOcfC 

oviTtt. ;:©» 1 ommms o a ii^«K:«/s$n 

[0 13 0] mwz^t^oiz, :^mmm\zm^o- 
:j'ffis«iiii*a4 4tt, tnmvrzmi&mi(Da-ifm 
m^m4 4mi mmst s o a ©sia s 2 ic^ 
u t^m\z, nm (ntt2a±©s«) ©y^'>ia?)S 

^#©9 0 1, 9 0 2. . . 9 0 n &S«iL/fc'b©-p» 

j:ne.y-<>«D#;i¥S:9 0 1. 9 0 2. . . 9 
on(j. ^en-en, •€-©«o#;^.s. mmizistiiitnm 
o^nammmwi^mioi. 102. . . ion®a* 

Ll. L2. . . LnCStJUT. Bf 5£0^"f 5 Vi^T? 

[0 13 1] t-^'ffiin€ffi£f!lS<J-r5nii©w 

ln«JI«SiJ*ai 0 1, 1 0 2. . . i 0 nJCtJVJTSi 
WTS. 02 Ui. EPllD«£Ef>Wii:©«J««*3^-riHl 

mx$>i>. 

[0 13 2] I^BKa^fidJC. BfM©Ta-x-rH:& 
^)£-r-5}t^«£EV0B, iifl©tt;«gg3 0 1, 3 0 
2. . . 3 0nCA*3nS. -f-bT. nffl®ttKig3 
0 1 . 3 0 2. . . 3 0 n IC<fc D. •t©Jt^€EV 0 
t. nia®y'f>«0#;t^g:9 0 1. 9 0 2. . . 9 
0 n ©« DS^^-f 5 >i^^£^3rr5 niH©SJp«EEV 

1, V2. . . Vnt^ttklSESn. HighmE*& 
«. Lowttffoai*ft^Ll. L2. . . Ln*»|fl* 

[0 13 3] 02 OtC^-Tcfc^fc. y'f>ili)!3#A#il: 
9 0 1 tt, fitt9 11 i. JtUifT,^ y99 2 1 tjJJ 

itiijK«a[sn&t)©T»5. ;i©ffi©y'f> 

«IOSA#i5:9 0 2.. 9 Ont). -^-tl-en. fitri9 1 

2. . 9 Int. 7-fDi^X-1'yf'9 2 2. . 92ni: 
*WCS«ISnfct)©T*5. 7ta!f7.-(y^9 2 

1. . 9 2ntt. -en-fn. ^e-^mnEtimiti 
m^&mim 10 1.. 1 0 nroffl^m^L 1. . 

LntCj;oT:tX :t7U. ::ni'iDfiJt9 1 1. . 
9 1n*im #»a-r5. ilil-C, fita8 1=R3. 
fiSi8 2 = R4. nie©Stft9 11. . 9 1n=R5 1 
1. . RSlnt-rst. «10ii6#a8 0a©tU* 
Vw-o(gain) tt, 

»-u . . . <2 2) 
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Rz2=l/ (1/R4 + 1/R51 1+. . +1/R51n) 



(23) 



t»<&, ie«tl/T, (1+RZ2/R3) OJtT3£*5 
iHi^Tiiesn. Vw-n <ViMi(gain) 
ESffTV>5. ^-oX. n|@©fiji9 11. . 9 1n = 
R5 1 1. . R5 1 nS. 7±a!f7.^^y=}'9 2 1.. 

(2 3) ico^^fiifiRz2£ir3ga-&, (i+rz2/r 

Vw-u(gain) = (1+R4/Rz3) • Vw-u . . . (2 4) 
Rz3=1/ (1/R3 + 1/R5 1 1+. . +1/R5n) 



[0 13 4] njaoy'r>«J0#A#g9 0 

1. . 9 0n$. ^10Jgil#ii:8 0aOfi^8 IICM 

[0 13 5] :l<d^^. f^Kom^moamuy 

T-u(KaiD) (i. 



tft*. iteStUT, (1+R4/RZ3) ©tfcTS** 
««*Tii«Stl. Vw-u <Vt-u(gaiD) tfii>mm 

ES^Tl^S. t¥oT, n|@Ogtt9 11. . 9 1n = 
R511.. RSlnS. 7i-Dif7.^yf9 2 1.. 
9 2nCJ:oTm #Sillw«JOt^S;itCJ:oT 
(2 5) iCO-&^filSRz3*W35$-e-. (1+R4/R 

z3) 

[0136] (^iS{»1 4 ) OTIC*f6fBO|llB«lJ 4 CO 

[0 1 3 7] 02 2(4. ^mizm^mmEWi^ 

5. 

[0 13 8] I^HIrS^fcfc'StC, *|liSWT«, aiflt 
fcSll^il 2 ©BlMEEWSiJ^il: 1 0 He, t XT U 
EIKl 1 0*^#JOSnTVi5. 

[0 1 3 9] JKDhT.y'^}^'?.^! 1 Ott, Jt 
IJgg4 0 2t7'J<y:/7ny:/5 0 lttCj;:>T«jSa 55 

ns. 

[0 14 0] H:«S4 0 2(D+Xl3m\Zit. 0fSOx 
i^At^tl^. -eixT. JttSS4 0 2Ttt. Jg^EV 

g h«ff)&itfi*3fn, vHi^v 0(Di^tL ownmifim 

[0 14 1] 7U y:fyavf 5 0 Hi. -f^Jtyht 

(D) . :/U-feyh (PR) . i"J7 (CD , i7Uy 
(CLK) A*t, 3>:/U/>3"Jffl*Q. NOT 

[0 14 2] T-:? (D) ii^Py^ (CLK) \i, G 

(PR) fctt. EPllB«ffil5|giJ#|J:l 0 l®Jt«iig3 
OimUClifiXtltitl, i;')7 (CD ICB. Jt« 

884 0 2mi]C2i!fixij-^n, anjnoTQumo 

®1, ^2. f^3(D^^ >mW^^Wt9 0 a. 9 0 

b. 9 0c'^A^SnS. #«ffittVO, VI. VHl 50 



. (2 5) 

14, VO (g*ffl) >Vl>VHl©SI«{ca:5a:5«« 

[0 14 3] E2 3tt, ttlUSSOl, 4 0 1feit^7 
'J-;/y7D5;:/5 0 1 ©Ata*©M«^£^-rET*5. 
[0 144] I^HlCS^tiSlC, H-^WSEVOjJJLow 

i/^;w^5±#u VI, vHiiOfivi<fr& mm I) 

irli. itl4S3 0 l©ta:^jl4H i ghtffi (H) 

0. it«igg4 0 2©ffl:'j(4Lowf|E (L) t^iO. 7 

Uyy7Dvyy5 0 l©ffl*NOTQi4Hl gh«£Et 

[0 14 5] m^mYomm^r)^<fs.^t 

«^ («S;882) Ca. tt:t4SI3 0 l©tH*ttH 1 gh« 
ffi, it^S4 0 2(DmhHi ghnS-tm. 7Uy 
:/7ay:/5 0 l©W:^jNOTQt4Hl gh^JOEta 

[0 14 6] HilT, NOTQ*SH 1 gh«E©Ji^S 
^l©y<> («D#;i56lW©y<» tU Low 
«K©«^£«2©y-f> («Jt)#A6n«:y-f » t 

[0 147] $^(C}g^«jaEVO*t±#L. VI, VHl 
<fcDK<;iofc«^ (ttji3) tt«5S30 1©ffl 
^jttLowSEtifSr), it«|§4 0 2©ta*ttHigh 
«Et;9:D, 7'Jy:/7Dy^5 0 lOtUANOTQtt 
Low«ffitfj:.5. ^©t^. j>:S©y-f>«Ji3#A^ 
SicioT. ^2©y-r>tr«I0#A&n, vo©*:*: 
ffl*Tj:©m2 ©y-f >-ea«K$n*. 

[0 1 4 8] JI<#«ffiVO*tH i ghU^)Vil^f, 
T#U VliOiSV^ft^ (ttfiB4) Ctt, itl5!S83 0 

l(Dm\tHi ghnBttlt), it^^4 0 2(OB1j\t 
H i ghttEtifJO, 7U7:/7n>yy5 0 l©{fJ*N 

[0 14 9] S6C}|*«ffiV0AtT#L, VI. vm 

J:0€<;Sofe«^ (m5) \Z\i. JtesS3 0 l©ffl 
MtHi ghm&tflf). Jt«g|4 0 2©ffl*BLow 
n&t1S.i), 7Uy:/7Dy:/5 0 1©ffl*NOTQtt 

HighlfiEta:5. iiott, j*:g:oy-f>«nj#il 
^aici^T, «ioy-Y>t«io#A6n, V0©S 
/h<i*Tc©m 1 ©y-r 

[0 15 0] 02 4 S, *IIJSfl!l©T-N1$tt«5^-ri^ 

77T*5. ;i©i^57t:B, }|<&^EVO©g 
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m D #^¥H: 9 0 a t) e^^'-f 5 

¥SffiVl = 9 0X. kXTUi^x^'^;i/$^jrr5S 

JplEVHl=8 0S«tt. li1i$A(7)^lr±t>T3 0 

SA> s 4 0 w<m^'mit'%^-^7ht. 

[0 15 1] 02 4«f. Altt. Ta-7^-fit9 0S«. 

it 9 0%, jift4ogiii3tts^-^'sm A 3 a, 

xa-x-CJtl 00%. ji^|4 0S(C:fett-5t-3'ffi^ 
tt, A4tt. xa-r-f Jt80%, Ift40«ti5tt«> iO 

to 1 5 2] igUC^TiC'SlC. xi— r^H:&±#S 
*Tti<«^frtt, Ta-r-('tt;*^o%/0>e9 o%t;a 

Ta'-T^tt*t9 0%*«S©i:ttt. ^-^'tt. A 

[0 15 3] ■T3.-x-<it?!i^9 0%lra-5t. aft*^3 
0««»^4 0aiC«)0#t»t)> iltltwiO, xa-T^ 
Jt*J9 0%flD*S, *-^'©|iI«ES*<±#UTA2©» 20 

[0 1 5 4] -ei/T. T3.— T'f tfc*i9 0 %!i^^ 1 0 0 

%*i?, t-:?^, jift4oaTjite$n«. ;i©«^ 

fctt, ^-^'tt, A2i:A3©|yi©®«Ta€Sn«. 
[0 15 5] Ta-x^H:STI^$-ti-TV><«^te. 
tXx'J->XlsIBSl lOfCtO, it^lO^CSA:5''f5 
±#^©xa-x^Jt9 0%*^e.8 0%(C^5 

[0 15 6] SEoT, Ta-x^JtS:T^$-B:TVK« 50 
^ICtt. xa-f->flt75n 0 0%*^^8 0%t;/i5S 

a-r^H:*t8 0%«iaA*tm t-rJ'tt. A3t 

A4©iai©ffl«7?aiEsn5. 

[0 15 7] X3L-x-f Jt*i8 0%IC;&^)t. jiAAM 

oa^jj^es osic«jo#t)i9, cinicio, X3.-T>< 

Jt){«8 0%®S*, t-^©IiIiEic*iTBUTA5©« 
1$tt±Ci^fTt*. I-Jftt)^, T3.-X-^Jt*t8 0%© 

[0 1 5 8] -eUT. Ta-T-i'Jt*^8 0%*^e>0%S 4» 

tt. ^-^'tt. A5©rtfl| (i^77©M^fi!D ©®«T 

[0159] ^©J;5K, JI^SE V 0 

©±#, Tls|TffJiP«EWJ^a©ai:^j^'f5>i^Jct 
XT 'Ji/X*t)fc*-5J:t{c:J:oT> aeiBHOJifc*:* 

[0 16 0] ^*3. *iiigpiim %wsMmM%m 

WStJ^a 1 0 1 iCfcXr U S/XOiS 1 1 0 t^im^tiX 50 
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mhifrnm 3 (DnmmMfssmm^WL 101.. 1 

0 n t^t UT n fi© k X X U liIB«f*lin UT fe i 
[0 16 1] (m«a|5) £tTlC*l6??©SI!SW5CO 
[0 16 2] BI2 5tt, *«WO:/7->VXDC^-^' 

[0 16 3] i^0»c*ti5ic, mmm4 5\i. 
■i 4 3 «e«iT'5'f wt-;? n^-f 8 

t. n-^'&lIttffl#S4 4 ©«iffl;S"r 5 >i'K^t)-& 
T:/7vUXDC^:-^'4 0©lSi!im^/'1^->*ffi* 

■rstaA/i^'->5stiei»9 1. mmi^i 1 

jt**i8St-5 (^^ayv'^X 5^3y:^:f7©Jt$tt 
Bl^) PWMfi^P 1 Slants PWMSflfflllHlBS (PW 
M^tHilS) lOi, g^3';;y:t>:^ffl#g:7 1 1, IS 

wmmwL 7 2t, xy i^m^Si 7 3 txm&^n 

[0 16 4] *iiigMm a—i^mmm4 4<D 
mti mmmm) up , vp , wp -en^n, 

?3 y:/'*>«^ffl#g7 1 iCj;oTPWM5^3 y/'?fS!ll|l 
©9^3 y :^:t>I^C^fo1i-Tttffi5n5, 

[0 16 5] -tbT. mmmwL7 2\z^iD, m 
t)-&T, ? 3 y -^tymmsL 7 1 ©tii*©M«[«*ts 
[0 16 6] xyi^ttffl^a? 3a, iioMftffiSR^ 

S7 2©ffi* (IScftm^) P2©5-^©!2>5fr5tt 

a©-^T©x>>>^s»^3tirs («^ffl-r5) . ;i©x 
y -x«ita^ a 7 z (Dm (.mm) p 4 is j;cxp wm 
«!i«i§»i o©ffl* (pwMfli^) Pitt, -tn-en. 

[0 16 7] -e-l/T, W*;t^'->5!^|ilK9*>^, 
©Bil«^A^'->*K ^/N'-^' H zrm 8 CA* 

9'r:^laIK8l::iO, 'f>;i-:5'4 3©#f«7>-;?X^' 
Ta+ . Tb+ . Tc+ , Ta- , Tb- , Tc- d^-e 

[0 16 8] BI2 6tt, ^ayftym^Si? 1, R 

mmmmi 2^^xfxyz;mm7 smoLm^ 

StIllKH. 02 7tt. BI2 6tS-rilIBS©!llffS*-r 
[0 16 9] :in6©0tc*tJ;5tc. 5^3 «:y 

111*1*7 1 tt, «iSD-^fiiittta#ij!4 4©aiAup 

, VP . Wp $iS«ESj|gEd2:ffiikU&«^tl}m^Up 
s, Vps, WpsC|g»f5;tft©ffifi^*y7 7 0a, 7 
Ob, 7 Oct, 30©ANDI1!S1 0 1, 10 2, 1 
0 3*>e.JS:*ANDy-hl cot, 3'r)OEX-0R 



z 

SKI 11, 112. 1 1 3*e.;SSEX-0Ry-h 

1 1 0 tTljSiSn*. AND^-b 1 0 OCtt. IKIE 

jgiHiM^Ups. Vps. Wpst, HdffiPWMm^P l*tA 

li^n^. ANoy-M 0 oA^^«, pwMit^pi 
7.®^) ups+ . VPS+ , wps+ *»ta*sn*. ■?•©» 

aStt, TE (2 6 a). (2 6 b), (2 6 c) 

[0 1 7 0] Ups+ =Ups- PI. . . (2 6a) 
Vps+ =Vps' PI. . . (2 6b) m 
Wps+ =WpS' PI. . . (2 6c) * 

Ups- =NOT (Ups* ) • P 1 +Upst 
Vps- =NOT (Vpst ) • P 1 +Vpst 
Wps- =NOT (Wpst ) • P I +Wpst 

[0 17 2] HJl-e. NOT (Ups+ ) . NOT (Vps 

+ ) , NOT (wps+ ) . NOT (p 1) tt. ^n-e 
n, UPS+ , vps+ . wps+ , p 1 ©s^ssr. 

[0 17 3] ::ne>r-:J'<i^ups+ . Vps+ . Wps+ 

. Ups- . VPS- . wps- 11. 'fB'jzfurynmvsi 20 
[0 17 4] mMmmn 2tt. 'f-9wm\ 2 

12:, 37©ANDIil%2 0 1. 2 0 2, 2O3;0>&2^ 
SANDy-h2 0 0t, ORy-h2 1 OfPfll^S 

[0 17 5] T-5'M^Ups+ . Vps+ , Wps+ . Ups 

- , Vps- , Wps- tt, =f-9mm 1 2 1 

#2:UTT-^StR8gl 2 lCA:*J$n«. 

[0 17 6] -L(r>m.m.m-wi 2ti*. jo 

ad+. Tbd+, Tcd+. Tad-, Tbd-, T 
c d- icStJViT, IfttBSSim^S 1. S 2. S 3*t 

[0 17 7] c©a^. &,-nn^-y%tm^^ifi^m 

A^sn5iKI!iM^yt3'->Tad+, Tbd+, Tcd+ 
, Tad-, Tbd- , Ted- tt, ANDy-h2 
OOlCA^Sn. ;:©ANDy-h2 0 0CiD. 1t# 

Ki. K2. K3;^i4fi£3n5, c:ne.m^Ki. K 

2. K3B, 0Ry-h2 1 OlCA:'}3n, ORy-h 40 

2 10tCJ;t), M&fflSlf?ffi^S l*i4<^t^En^. * 

d+ SffifflU Mi5:fflM*iff^S3tl,T, Tcd+ S 

fiEffl-rs, Ki. K2, K3:fcj;c;s i0i&as;a. ^ 

n^Pn, (2 8 a), (2 8 b), (2 8c):feJ;r; 

(2 9) ii®aoT?*4. 

[0178] 

Kl=Tad+ -Ted- ... (28a) 

K2=Tbd+ - Tad- ... (28b) 

K3=Tcd+ -Tbd- . . . (28c) 50 
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EX-ORy-M 1 OKH, fflfEr-3'M^Ups+ , 

vps+ . wps+ 1. flaEPWMff^p i*tx*sn5. 

EX-ORy-M 1 OTji^tt. iffflPWMM^Pl© 

^3 -^j^tymm^n&^vw* . vps+ . wps+ ic 
jtUTS§tA-Ci£-n^ni 8 osffiffl©iinfc5^3 y::^ 
ty^nm^^mthx. t-^'S^ups- , vps- 
..wps- *tta*sns. ^mwsxt. te (2 7 

a), (2 7 b), (2 7 c) ^©aDU**. 
[0 17 1] 
[ic2] 

•NOT (PI) • ■ • (27aj 
. NOT (PI) • • • {27b) 
• NOT (PI) • • • (27c) 

S1=K1+K2+K3 . . . (29) 

jine.PB«[ffis«ff^si, S2, S3tt. -enm 
9-9mm 1 2 1 icA*$n, T~mm 1 2 1 ic 
02 8»c?^-r*afit«»cfiet3T. atiEx-^'ft^ 

Ups+ , Vps+ , Wps+ , Ups- , Vps- , Wps- ®# 

n-&. c:®SBafflffl#P2ii. xy>'«iffl¥ii:7 3(cA 
[0 17 9] :Lvvm!>^WL7 3tt. it. tyv^p?^ 

3 1 It, ^yTiPf^S 1 2i:T«J5gSn-5. 
[018 0] MEI§»ffim^P2(i. SI*. 
3 1 IKASSnS. ^=tJ-r)V9Z 1 in. ffiSfflm 
^P2©gaio/'?;i/;!^®xy>? (4%±*<oxy>?) t 

i/iR 1 <!:51-m:3>x>-y-C 1 Ol^«S t ncioTft 

^sn-5/'?;i'Xis®/t;i.xffl^p 3 Srta^Ts. 
[0 18 1] c:®*yT;i^3 1 i®ffl*, fiftb^. 

/t;PXfi^P3«, tyTjl'5^3 1 2(CA*SnS. ^ 

t/v;v^3 1 2«. mxm-^P 3®ftSJ®/t;Px® 
R 2 t^mtn >T>1>-C 2 ©l^g» t 2 ICioTftfe 

stis;x;i/xiB®/"<;p:^«<» m\m) P4gffl*t 

[0 18 2] MMM^P2K. fiEPWMffi 

^P 1 ®5^3 <y t!>i'^a8®:t>WBlltPi9bfcS^t 

UTttfflsns. iiii[ttm^P2ictt, mxv'JtT. 

'^yi/VT.i^c^^-^oymmuz^^x. t-^sis 
*»«Jirr5®ir«evj?3 5;t;>i^«}(i!®t>»iiBiKrtT 

[0 18 3] ^<n7.n-(^%&<D^i.^-i^ym. m. 

t7.n^ i; mjEC iSX y i; 1 14, |g4Nf IBK5^ a y hf 
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1 IC itJ T. Mftffim^P 2 \Z^h^m. t 1 (D/VVT. 

1. 5T<t 1 (=C1 'RD <2. 

\zi:ox^%^iM93v\iymmT (T=i/fc 
) s^-r. 

[0 18 5] ieSiiLT/til-Xft^PS^^S. CO/1 
JWXm^P3©4%±i6<0X7>'*^ lft0A«3Oget 

[0 18 6] zzx, m^em ogl^fc•«^tHfi[»^£ 

v^tTOMM (AJl/Xt^P3©;'^jUX"IS) tt, 3 0« 

[0 18 7] ^/t;1/5'3 1 2{i. ;x;kxft^p 3 ©4 

$n5/VV7>4@©«ltt5ft^P 4 Slil^TS, 
[0 1 8 81 if6*t LT, M»«M#P 2 ®g|!)0;i;|. a? 
X©fi-&±*tl9Xyi;. r^ifc^. gaottfflX^;i>© 

jil'^»;i<. #tcE6;S3 0«e^±lA/fc*n-^ttil 

tttfm^. -r&fc-&, ttfflfi^p 4*t^sn5. 
[0 18 9] co±5fc*sia«'mi, □-^fi^Btttu 

(0 1 9 0] ^iijswTtt. mmMi-\z^om 
a, tiii3-&nmwim/^^->izii\f^r-mmzm 

x-^'llJSgl 2 l*tv T-:?©^Ups+ > Vps+ , W 
PS+ , Ups- , VPS- , Wps- ®§>«rM&aBP^«D*Sa 
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